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© DC/DC switching converter circuit 



© A two switch, DC/DC converter provides suffi- 
cient inductive energy storage at the termination of 
the "on" period of each switch to alter the charge on 
the intrinsic and stray capacitance of the combina- 
tion of switches producing zero voltage across the 
alternate switch prior to its turn on. A short dead- 
band between the turn on pulses provided by the 
control circuit allows time for this transition. Thus the 
energy stored in the capacitance of the switches is 
returned to the source and load rather than being 
dissipated in the switching devices. This greatly im- 



proves, the efficiency of the converter particularly 
when operating at high frequency. The unique topol- 
ogy of the converter provides other new and useful 
characteristics in addition to zero voltage switching 
capability such as operation at constant frequency 
with pulse-width-modulation for regulation, quasi- 
square wave output current, and the ability to in- 
tegrate the magnetic elements with or without cou- 
pling. 
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DC/DC SWITCHING CONVERTER CIRCUIT 



Th,s invention relates to DC/DC switching con- 
verter crcuits such as are used in DC/DC and 
AC/DC power supplies, and more particulaily to 
single ended DC/DC switching converter circuits 

ciJSS 6 6nded ° C/DC ""^ are commonly 
£1! T °' three c,assical bogies: me 
boost, the buck; and the buck-boost These con- 
verters comprise various arrangements of a switch 
a diode, an inductor and two capacitors. Dual cir- 
cuits of these topologies also exist wherein two 
inductors and one capacitor appear. 
In the accompanying drawings- 

2;,L U,UStial9S 3 "oo-'so'ated. single 

switch buck-boost converter. 

Fi9- 2A (prior art) illustrates'a dual circuit of the 
buck-boost converter. 

switch forward converter. 
Rg- 2A (prior art) illustrates a forward converter 
mth a second flux reset switch and capacitor. 

Rg- 3 (prior art) illustrates a full wave series 
resonant converter wherein control of the output 
requires changing the switching frequency 
Figures 1-2 illustrate examples of DC/DC con- 
verters. Rg. , il)ustrates , norHso| 

sw.tch bucx-booster converter having a MOSFe? 
power transistor Ql. inductor Li. diode 01 and 

circurt of the buck-boost converter wherein shunt 

o £ 1 Um ' ndUCt0r U bv series o^Paci- 
tor C2. and senes switch Q1 by shunt switch Q2. 

cL JT ^ 30 iS °' ated - Sin9te ■"** 'orward 
£ n? 9 ,ran8i3,0r ° 3 - "P^ors C4 and 

£l fTL I™ ° 3 - indUCt0r 14 « former 

LrnSf, StfateS 8 ,0Ward COn «"** vvith a 

second flux reset switch 04 and capacitor C4 

The performance of any circuit is related to the 
oharaaenstics of the components used in the de- 
sign, and many recent advances in technology 
have .mproved the characteristics of componems 
Unfortunately, the realisation of ideal or tosTiess 
switching canno, be achieved with the s mp e 5 

M ove> since in a " casas - *• 

•s turned on wh.le voltage is impressed across it 
Any real device wil, exhibit capac.tance between 

ance (, CV*) will be dissipated when the device 
turns on. 

Additional reactive elements have been added 
to the basic circuits, thus creating new classes of 
converters known as resonant conveners. figJL 3 
."ustrates a full wave series resonant converter 
wherein the output is controlled by varying Z 



mdudes fransistors 05 and 06, capacitors C5. C6 
and C7. diodes D5 and D6, inductors L5 
and transformer T5. When operated in an appro-' 
« pnate manner, resonant converters can exhibit ei- 

" 2ef ° VOl,a9e 5witotli "g. thereby 
secant* reducing the switching loss. In order to 
accompl«h their task, the reactive component 
must handle considerable power, sometimes 

Ion ^ t 86 ^ tim6S ,he out P ut Po-or of the 
convene, This energy., which circulates through 

aLTT m l' Ca " mdUCe ° e * ,osses are 
greater than the decrease in switching loss. In 

f " ttW ^'conductor devices is often in- 
crsasod. 

uJSr a f COrdance " m »• i" v «"tion, a OC/DC con- 
in 1 *' 0W "fo-voltage switching while maintain- 
.ng the beneficial features of the basic topologies 

c nver?^ to Sonan 

converter schemes. The invention may be em- 
bodied in a non-isolated form, an isolated form an 
integrated magnetic form, and a coupled magnetic 
25 ! J h "orHsolated form comprises two switch- 
es es. two diodes, two inductors, and at least one 

e? a wo°dI he iS ° ,a,ed ,0m COmprises ^ s "**- 
es. two diodes, a transformer, an inductor, and at 

least one capacitor. The integrated magnetic form 

combines the transformer and the inductor of the 

oo isolated form on a common core with no mutoa" 

C ° UPted ma ° ne,ic f o- intro 

oaths of rh 9 , C re ' UC,anCe in ,he com ™ ""x 
paths of the mtegrated magnetic elements causing 

the output rippte current to be greatly reduced 9 

clud£ embodiment o' the invention in- 

cludes a transformer having a plurality of secon- 
dary wmd.ngs. Each of the secondary windings is 
connected to output circuitry which includes a'p, ! 
ratty of output lines where each output line pro- 
<o vides an output DC voltage. 

mJl eaC ? embodiment - ene,gy stored in the 
magnetic elements is transferred to discharge the 
capacitance across each switch prior ,o closing ,he 
switch Since the voltage across each switch is 
<s approximately 26 ro as i, is closed, switching loss s 

The invention is further described below by 

S0 iT IT**- Wi ' h re,erence ,0 ,ne remaining 
so figures of the accompanying drawings, in which- 

Rg. 4 illustrates a zero voltage switch.ng con- 
verter ,n accordance with the invention 
Fig. 4A illustrates current and voltage waveforms 
in accordance with the operation of the inven- 
tion, 
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Fig. 5 illustrates an isolated embodiment of the 
invention with accompanying waveforms in FIG. 
5A showing variations from FIG. 4A 
FIG. 6 illustrates a transformer combined with an 
inductor and in FIG. 6A its magnetic circuit to 
form an integrated magnetic embodiment of the 
isolated converter 

FIG. 7 illustrates a transformer combined with an 
inductor to form a coupled magnetic embodi- 
ment of the isolated converter wherein output 
ripple current is reduced by added magnetic 
coupling as shown in the waveforms in FIG. 7B 
FIG. 8 illustrates a multiple output line embodi- 
ment of the invention. 

A zero voltage switching converter 10 accord- 
ing to the invention is shown in Figure 4. A capaci- 
tor 11 is connected across input terminals of con- 
verter 10 which receive a DC voltage. A transistor 
12 switches input power to the remainder of con- 
verter 10 in response to a control signal. In this 
embodiment, transistor 12 is a power MOSFET 
characterized with an intrinsic capacitance 13 and 
an intrinsic body diode 14 shunted across the 
source and drain of transistor 12. Capacitance 13 
also includes any discrete lumped capacitance or 
stay capacitance across transistor 12. In addition, 
diode 14 may be a discrete device rather than an 
intrinsic body diode of transistor 12. An inductor 15 
is connected to the drain of transistor 12 and 
receives input power when transistor 12 is "on". A 
capacitor 20 and a transistor (FET) 21 are con- 
nected in series across inductor 15. An intrinsic 
capacitance 22 and a diode 23 are shunted across 
the source and drain of transistor 21. Diodes 24 
and 25 are connected to inductor 15 and to a 
second inductor 26. Capacitor 27 is connected 
across the output terminals of converter 10. 

The transfer function of converter 10 is easily 
derived since, in order to maintain flux balance 
under steady state conditions, the volt-second 
product impressed on inductor 15 during the on 
time of transistor 12 must equal the volt-second 
proauct during the off time, or: 
V,„Xton = VaoXtc, (1) 
For the purpose of explanation, capacitor 20 is 
considered to be large such that V^o is constant 
over an operating cycle in spite of charge and 
discharge current. The output voltage is the time 
ratioed average of the voltage across capacitor 20 
(V C20 ) during the off time of transistor 12 while 
diode 24 is conducting. Thus, the output voltage is 
given by: 

V oul = Vcao x Wtton + t olf ) (2) 
When equations (1) and (2) are combined to elimi- 
nate V^, the result is: 
V ou , = V,„ x W(t 0 n + U (3) 
This voltage transfer function is the same as that of 
the forward converter of FIG. 2. 



Although capacitor 20 has been consicered 
large to simplify the above description, it snouid be 
noted that capacitor 20 in accordance with tne 
invention may be relatively small such that Vqq is 

5 not constant over an operating cycle. 

A detailed description of the invention is best 
understood by analyzing the circuit operation in 
each of four periods. Referring to FIG. 4 and tne 
waveforms of FIG. 4A. the operation is as follows: 

ro transistor 12 is first turned on by the control and 
input voltage is applied to the winding of inductor 
15. Current increases linearly in inductor 15 ac- 
cording to the relation l = (V iw /Lis) t,, where ti re- 
presents the on time of transistor 12 and Lts is the 

is inductance of inductor 15. Diode 24 is reverse 
biased during this time and energy is not trans- 
ferred from input to output This period is the first 
phase of operation shown as time period I in Fig. 
4A. 

20 At a time determined by the control circuit, 
transistor 12 is turned off. The stored magnetic 
energy in inductor 15 maintains the flow of current 
in the same direction, charging capacitance 13 
which shunts transistor 12. A portion of the current 

25 also flows through capacitor 20 and discharges 
capacitance 22 which shunts transistor 21 When 
the voltage (V„) at node X reaches zero, dioce 24 
becomes forward biased, and consequently a fur- 
ther portion of the current of inductor 15 begins to 

30 flow to the output through diode 24. Current does 
not flow through diode 25 since it is reverse bi- 
ased. The remaining current in inductor 15 contin- 
ues charging capacitance 13 and capacitance 22 
until the voltage at node X equals the voltage 

35 across capacitor 20, at which time diode 23 begins 
to conduct It should be noted that the voltage 
across transistor 21 is approximately zero when 
diode 23 begins to conduct and charge does not 
accumulate across capacitance 22. The excess 

40 current in inductor 15 continues to transfer to 
charge capacitor 20. During this period (Period II), 
transistor 21 is turned on by the control circuit. 
Thus, since the voltage across transistor 21 is 
approximately zero when turned on. minimal 

45 switching loss occurs. This completes the second 
phase of operation shown as period II in Fig. 4A. 

At the mid point of period III. v/hen the current 
flowing in inductor 15 equals the current flowing in 
inductor 26. capacitor 20 begins discharging 

so through transistor 21 into the load. The current in 
inductor 26 increases according to the relation 
'us = (Vc2o-V 0 ut)/l-2 x k • where t 2 represents the on 
time of transistor 21. Eventually the magnetization 
of inductor 15 is reversed and the current in its 

55 winding reverses (see Fig. 4A). At the end of the 
period set by the fixed frequency of operation, 
transistor 21 is turned off by the control circuit. 
This completes the third phase of operation shown 
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as period III in Fig. 4A. 

r„ m h Urrent * fr ° m induCtor 15 i"ductor 26 
combine at node X. discharging capacitor , 3 and 
chargmg capacitor 22 until the voltage at node X 
equate zero. The current in inductor 26 is tnen 
shunted through diode 25 since diode 24 is reverse 
o«ased. The remaining current in inductor 15 con- 
tinues to discharge capacitor ,3 until diode 14 
conducts. At this time, any remaning energy in 
inductor IS fc ^ed t0 ^ ^ ' 
aaoss *ans,stor 12 is approximately zero since 
charge does not accumulate across capacitance 
13. This completes phase four, shown as period IV 

toM^H™ 6 T* a>CUit 39ain tums on fransi s- 
? 69,n P 356 ° ne of operaBon - " ^ould be 
noted that smce only a small voltage is impressed 

switching loss occurs. 

The two switch. DC/DC converter 10 thus pro- 
vides sufficient inductive energy storage at tht 

alter the charge on the intrinsic and stray caoaci- 

ero e vIa? ^T™ °' ^> 
zero voltage across the alternate switch prior to its 

ZLT Th l Sh0rt bat "een «fe turn on 

for th,s trans,t,on. Thus the energy stored in the 
capacitance of ,he switches *L£? S £ 

SSrTd '° ad h-n » diSSi P ated * 2 

cScv 0 M h r CeS ' ™ S 9fea,,y impr0Ves *• 

a S Lin 6 T Part, ' CU,arty when °P^ing 
at high frequency. The topology of converter 10 

provides olher characteristics m addihon ,o e 0 
voltage switching such as operabi.ity at a constant 
Jj*j«y with pu.se-width-modu.aL for regl 
t.on ana quas,- squ are wave output current 

A second embodiment of the invention, shown 
with So™ » fep ' aC "* in ^ctor 15 

i£S£n ? C ° nVertef in accorda "ce with the 
cT«^n 93P m ** ma9nettc P ath Of trans- 
fer 30 sets the primary winding reactance eouat 
to .rouctor 1 s of Figure 4. oac 'ance equal 

tcrr^ef3u h C ^ Ve ^ 0na, SChematic n0tation - trans- 
former 30 has a dot at one terminal of the primary 
co. and a do. at one terminal of me secondary To * 

a. oTTaZ? CUrr6nt en,ertn9 "» * 0 ™ *™ t 
win , h Pf0dUCeS 30 open ci ™« voltage 

sensed ,r the d.rection indicated by a positive 

that of m! rati ° a ,He iS0,8,ed Conver,er is to 
that of the nonisolated converter described above 

remlSr f '" ° f ° Perati ° n ' th ° magnetizing Tut 
oa v w" ir Pnmary •**«> t0 < h ° ion- 

SStT 9 . ,n accordance witn me rule of 'ob- 
serve.™ o( ampere turns; i.e.. N P X \ n ♦ Ns X l so 



current in* 1 «1 * 81 '» and '* eoua ' »» 

current in the secondary of transformer 30 and 

nductor 31 at nmes zero and one respectively an G 
Ip. and t, equal the current in the pnmary of 
5 *"« 0 ™ 3° «d transistor 32 at times zTn7and 
one respectively. The waveform of Figure 5 i |.us 

ItlZrT" **" "«* - P*i* * 

»o ^nJ 80 ' 3 ^ embodime "t of Figure 5 allows 
nT-^ 96 SWitCnin9 in 8 manner similar to the 

e^L JlT 9 32 is barged by 

energy stored In the pnmary of transformer 30 
D,ode 34 prevents charge build-up in capacitance 
'S 33 before transistor 32 turns on P^nce 

tranStoS' CaDacitan oe 34 shunting 

tianswtor 35 -s discharged by energy stored in the 

20 !LnT L S 00 transistor 3S ' Hanco. zero 

S^^ isachievedands ^^ 

inn 'Jh^ 0 " to ** benem °' Wro vo,ta 9e switch- 
ng the converter of Figure 5 has other adven- 
ts hSiSrS iS ° ,ati0n b6tWeen input and output 

withTesnS' ^ ° U,PUt V ° te9e mav 158 o^Sed 
10 '"P"t voltage in accordance with 
the transformer turns ratio N^N P . The input current 
may also be changed with respect to me ouZ 
current ,n accordance with the turns ratio. Furthe" 
reant mCO,pora t ion of the transformer leakage 
reactence ,nto the inductance of the prima*? 
ransfom,er 30 and into inductor 31 S thl 

corn r r9y ,0SS due ,0 ,eaka 9* stance t 
corporation of the transformer winding capacitance 

:r? intri : sic and distributed "oac'n r a 

node X avo,ds loss due to winding capacitance 
smce energy charging the capacitance KS 

<o Figure 5A shows a waveform of the primary 
wmdrng current for an .deal transformer. fJJS 

w a r 0 m, wh 9ffeCt ° f ,8ak39e ^ance 9 o7^ 
wavefonm when a non-ideal transformer is used, 
i ne leakage inductance beneficially alters the oeak 

A third embodiment of the invention is con- 
structed by combining transformer 30 and indue or 
31 of Figure 5 on a common magnetic core 40 L 

enTand * V ***** °' V0,ta ^ 
rents, and w.ndmgs , s Suc h that the DC comoo- 

mn. i of magnetic f.ux from the transformer eg and 
the inductor leg add to the third leg of the core 

« :i;s e io r me AC , co,nponents ° f ma9ne « ? 

Td I? . , 9 -nd indUC, ° r l0 9 subtra ot *n the 

e pe tto 1 li0 °H ,0 ^ adVama9eS " sled -t" 
sever! T embo ^en, of the invention, 
severa. other advantages of this embodiment are 
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achieved. Due to the sharing of core material, the 
volume of the core is reduced and therefore the 
total core losses are proportionally reduced. In ad- 
dition, since losses in magnetic cores are due only 
to the AC flux, the subtraction of flux in the third s 
leg further reduces the loss in this portion of the 
core. Finally, the multiplicity of components is re- 
duced. 

A fourth embodiment of the invention is con- 
structed by inserting a magnetic reluctance (gap) to 
50 in the third leg of composite core 40, as shown 
in the integrated transformer of Figure 7. The effect 
is such that during the conduction time of transistor 
35 (interval I) energy is transferred from the pri- 
mary of the transformer to the inductor leg, and the 75 
rate of decrease of current in the inductor and 
therefore diode 36 and the output circuits is abated 
and can be zero. Similarly, during the conduction 
of transistor 32 (interval III), energy is transferred 
uniformly over the interval and the current in the 20 
inductor and therefore diode 37, the transformer 
secondary and the output circuits exhibits less 
change and can be constant. The benefits are 
decreased ripple current in the output, reduced 
stress on the output filter capacitor 38 and im- 25 
proved smoothing of the output voltage. The cur- 
rent in the diodes and the load is demonstrated by 
the wave-shapes accompanying Figure 7 and can 
be com oared with the similar wave-shapes of Fig- 
ure 4A. The effect is defined mathematically for the 30 
interval I by the following equations, and can be 
similarly demonstrated for interval III by those 
skilled in the art. 

Referring to Fig. 7, loop equations can be 
written relating to the magnetic circuit: 35 
Nplp + N s l s = *-.Ri + (*i +* 2 )Ra (1) 
NJl = *iRz + (+1 +*2)R3 (2) 

Differentiating equation (2) with respect to time 
yields: 

N. dl t /dt = R 3 d*i/dt + (R 2 + R3> d* 2 /dt (3) 40 
For zero ripple, set dl L /dt = 0; 
During period I, 

V„ = -E P = N P d+i/dt; and V wt = -N L d* 2 /dt. 
Therefore, 

(V tn /Na)R 3 = (V^/NJ (R 2 + R 3 ) (4) 45 
Thus, when a transformer is used, the transfer 
function becomes: 

V owl = V in (N s /N P ) (Ton/ * ten) ) (5) 
Suostituting 5) into 4) and letting 

to* <t 0P * t 0 n) = w the duty cycle, and so 
N L = N s for simplicity yields: 
Rj*(R2+Ri) = a (6) 

Consequently, when the reluctance ratio is equal to 
the duty cycle ratio, the ripple current in the output 
circuit vanishes. The air gaps can be chosen for 55 
this to occur at midpoint conditions, minimizing the 
rippie over the operating range. 

A multiple output line embodiment of the inven- 



tion as shown in Fig. 8 includes a transformer 80 
having a plurality of secondary windings S-l 
through S-N. During operation, output voltages 
Voon through are provided at output lines of 
the converter. Operation of the circuit is similar to 
the circuit of Fig. 5, and similar components are 
numbered identically. 

Several modifications to the embodiment of 
Rg. 8 are possible. For example, the plurality of 
inductors 31-1 through 31-N may be combined on 
a common core. Furthermore, transformer 80 and 
the plurality of inductors 31-1 through 31-N may be 
integrated together on a common core. For such a 
case, the common core may have three legs each 
containing a magnetic gao. 

In addition, modifications to each of the dis- 
closed embodiments are possible. Discrete capaci- 
tive elements may be connected in parallel across 
each of the switching transistors (i.e. transistor 33 
and 34) in order to reduce the rate of change of 
voltage across the switching devices. Furthermore, 
discrete inductance may be connected in series 
with the primary or secondary windings of the 
transformer incorporated within each of the isolated 
embodiments of the invention. 

The embodiments described above are intend- 
ed to be exemplary and not limiting. In view of the 
above disclosure, modifications will be obvious to 
one of ordinary skill in the art without departing 
from the scope of the invention. 



Claims 

1. A DC/DC switching converter circuit comprising: 
a transformer having a primary winding and a sec- 
ondary winding; 

a first switching means (12;35) for selectively cou- 
pling power from a power supply to the primary 
winding of the transformer, the first switching 
means including an intrinsic capacitance (13:34). 
a capacitive element (20) having a first and a 
second plate, the first plate being connected to the 
primary winding of the transformer, 
a second switching means (2i;32) connected to the 
second plate of the capacitive element (20) and in 
series with the capacitive element across the pri- 
mary winding of the transformer, the second 
switching means including an intrinsic capacitance 
(22;33), 

a first diode (24;37) having a first terminal and a 
second terminal, the first terminal being connected 
to a first terminal of the first secondary winaing of 
the transformer, 

a second diode (25:36) having a first terminal con- 
nected to a second terminal of the first secondary 
winding of the transformer and a second terminal 
connected to the second terminal of the first diode. 
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and an inductor (1531) having a first and a second 

SSrI? ^ tem "' nal **» COnnecled to *• 
second diode, 

wherein energy stored in the primary winding of 

EL^TSr* diSChar98S *• intrinsic 

tence (13.-34) of the first switching means priorto 

etS ll 6 fir * ™ans. and wherein 

2L St0 ! d !" . th9 Prima ^ of *• transformer 
d.scharges the intnnsic capacitance (22:33) of the 
second switching means prior to turning on the 
second switching means. 

2. A converter circuit as claimed in claim 1 com- 
S"^^ (U) * ~ «he firs, 

« 2 meanS " and 3 fourth di «" (23) in parade, 
across the second switching means 

the first and second switching means are MOSFET 
are body diodes. 

whlTZ^ t"f 38 C,aim9d in c,aim »• 2 * 3 
S „ St d,0de (24:37 > conduc * during a 
period when the first switching means is open 
5. A converter circuit as claimed in claim 1. 2 3 or 
4 compnsing a second capacitive element* f381 

a7o 9 f \Ft T r™"** 10 *» 
nals of the first and second diodes (37.36) and a 

«~ connected to the second fcrminafof 

6 A converter circuit as claimed in any preceding 
claim, wherein a dotted terminal of the prS 
vv,nd,ng of the transformer (30, is connected te S 
first swrtchmg means (35) and wherein a non-do, 
ted term.nal of the secondary of trie transformer is 
connected to the first diode (37). 

7 A converter circuit as claimed in claim 1 or 6 
wher e either one or each of the primary Id 
secondary wmdings of the transformer has a dis- 
crete mductance connected in series therewith 
8. A converter circuit as claimed in any orecedinr. 

^ ,ranS,0rmer " , 2 rte 9 
integrated on a common magnetic core (40) 

8. A converter circuit as claimed in claim 8 havino 

a magnet.c re.uctance (50) in a third .eg of 2 

common magnetic core (40) 

wnerel ^ " C ' aim6d h c,a ™ 8 

wherein the common magnebc core (40) has three 

egs. each .eg including a magnetic gap. 

A converter circuit as claimed in claim i 

wherem the transformer (80) includes a p.uraTy of 

e M "of I TfT (S ' 1 " S * N) and -n-ein a p,u 
tl ° UtPUt ' ,neS are provided «™ 'he con- 

cLn C ° nVerter ° irCUit 38 c,aimed f " claim it 
comprising a plurality of diode pairs (36-1...36-N- 

I2n'l 1 MCh °' pluta,i » °' Pairs' 
or secondary windings. y 
13. A converter circuit as claimed in claim 12 
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comprising a plurality of inductors <3M 3UN) 

to a respective one of the diode pairs 

14. A converter circuit as daimed in claim 13 

are combined on a common core. 

15. A converter circuit as claimed in claim ,3 
wherem the transformer and the plurality conduc- 
tors « grated together on a common core 

wSe«in C r e,ter drCUit 88 daimed in ,5 
TlZZt. f mm °l con lB L three legs, each of 
we legs containing a magnetic gap 

^ T" 1 " drcUit 88 Cteimed in an V receding 

element ^ C n9 r 3nS haS 3 discrete 
element connected in parallel across it. 
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MAGNETIC CIRUIT 



FIGURE 6A 



EP 0 428 377 A2 




MAGNETIC CIRUIT 



FIGURE 7A 



EP 0 428 377 A2 




EP 0 428 377 A2 



CO 



o 
o 



33 
O 



h 



h 

CO 



CO 

© 



a 

G 

P3 
oo 



* 4 



CO 

Ml 

I 

2 



CO 
00 



c 



s 4 



CO 

i 

ro 



4 



CO 

f cn 



"— N — 



h 

CO 



O) 

i 

ro 



CO 

i 

ro 



CO 

09 

i 

ro 
V 



CO 
00 



CO 



c 

H 

ro 



6 6 



o< 



4 



® 



J 



Europalsches Patentamt 
European Patent Office 
Office europ^en des brevets 




© Publication number 0 428 377 A3 



© 



EUROPEAN PATENT APPLICATION 



© Application number: 90312367.7 
© Date of filing: 13.11.90 



© Int CI* H02M 3/335, H02M 3/158 



© Priority: 14.11.89 US 436394 


© Applicant COMPUTER PRODUCTS, INC. 


22.06.90 US 542478 


7900 Glades Road, Suite 500 


© Date of publication of application: 


Boca Raton, Florida 33434(US) 


22.05.91 Bulletin 91/21 


© Inventor: Bassett, John A. 


© Designated Contracting States: 


335 Abbie Street 


Pleasanton, California 94566(US) 


AT BE CH DE DK ES FR GB GR IT U LU NL SE 


® Date of deferred publication of the search report 


© Representative: Jones, Ian et al 


17.07.91 Bulletin 91/29 


W.P. THOMSON & CO. High Holborn House 




52-54 High Holborn 




London WC1V6RY(GB) 



© DC/DC switching converter circuit 



CO 
< 

rs 
oo 

CM 



LU 



® A two switch, DC/DC converter provides suffi- 
cient inductive energy storage at the termination of 
the "on " period of each switch to alter the charge on 
the intrinsic and stray capacitance of the combina- 
tion of switches producing zero voltage across the 
alternate switch prior to its turn on. A short dead- 
band between the turn on pulses provided by the 
control circuit ailows time for this transition. Thus the 
energy stored in the capacitance of the switches is 
returned to the source and load rather than being 



dissipated in the switching devices. This greatly im- 
proves the efficiency of the converter particularly 
when operating at high frequency. The unique topol- 
ogy of the converter provides other new and useful 
characteristics in addition to zero voltage switching 
capability such as operation at constant frequency 
with pulse-width-modulation for regulation, quasi- 
square wave output current, and the ability to in- 
tegrate the magnetic elements with or without cou- 
pling. 
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